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ELECTRONIC  TRANSFER  BETWEEN  BRA  OR  BETWEEN  RNA 
OF  SLIQHTLT  DHTI3tENT  CHEMICAL  STRUCTURES 

^Folloving  ia  a  translation  of  an  article  by 
Hue  Andre*  (Joudot,  presented  at  tha  8  April 
1963  meeting  of  the  French  Academy  of  Scien¬ 
ces  and  published  in  the  French-language  per¬ 
iodical  Comtes  rendu  a  de  l'icademie  flea  Sel¬ 
ene  as  (Reports  of  the  Academy  of  Sciences), 

Vol  256,  1963,  pages  3528-3531,  under  the  sub¬ 
let  heading  of  Electronic  Biochemistry*/ 


The  addition  of  a  halogen  at  peak  5  of  a 
pyrimidine  turns  tbs  RXA  so  modified  Into  a 
"donor"  on  a  SNA  or  a  normal  REA.  That  la  why 
FO  and  FO  are  able  to  prevent  the  division  in 
half  of  the  UCLA,  The  addition  of  CHj  an  the 
cytosine  turns  the  DHA  of  the  Tp  phage  into  an 
"acoeptor"  with  regard  to  tha  DsA  of  J.  opli. 

This  is  vhat  may  cause  the  formation  of  the  DHA 
of  the  phage  at  the  expense  of  the  USA  of  the 
bacterium. 

In  tvo  ear  lier~er  tides  (A.  Ooudot,  Comm  tee  renflui. 

Vol  255,  1962,  p  3*20;  Vol  256,  1963,  p  1776. In  these 
tvo  artloles  e^midiae  vaa  vrltten  erroneously  instead  of 
ouanine.  vhil*  Fig.  II  indicates  guanine  oorrectly),  it  was 
shown,  with  the  aid  of  the  calculation  of  the  energy  levels 
of  the  mobile  electrons,  that  under  certain  conditions  there 
la  a  passing  band  'Brlllouin  zone)  in  polynuoleo tides.  This 
a:  jduotlon  band  allova  resonance  along  the  axle  of  the  XXA 
or  REA  moleoule  through  transfer  of  a  pair  of  electrons  be¬ 
tween  the  soleoul.es  of  the  euaoeeelve  purine -pyrimidine 
plane  a.  This  resonance  favors  oopoljmerisation. 

In  addition,  a  transfer  of  electrons  may  be  establish¬ 
ed  between  purlne-pyrlaldlr.e  planes  of  tvo  different  DHA  or 
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of  an  adjacent  DBA  and  RNA.  For  this  to  occur,  the  highest 
level  occupied  by  the  "donor”  has  to  be  just  above  the  low¬ 
est  free  level  of  the  "aoaeptor".  However,  no  conduction 
band  la  formed  there,  for  the  transferred  electrons  general¬ 
ly  remain  on  the  purine-pyrimidine  "acceptor"  molecule  plane 
Instead  of  resonating  on  all  the  purine-pyrimidine  plane* 
of  the  molecule  to  which  this  plane  belongs.  This  pair  of 

Slven  electrons  may,  nevertheless,  serve  as  a  'St  bond  be- 
ween  the  purlne-pyrimldlne  "donor"  and  "acceptor"  planes. 

A  redistribution  of  the  charges  on  the  atoms  of  tbe 
"donor"  and  of  tha  "acceptor"  ensues  from  this  electronic 
transfer. 


The  "donor",  as  a  rcauit  of  the  loss  of  two  electrons, 
may,  according  to  the  particularly  "discharged"  atom*  either 
(l)  divide  In  two  If  they  are  tha  bonding  atoms  between  pur¬ 
ine  and  pyrlmld#  /ale ;  should  read  "pyrimidine Jy  or  (2) 
they  divide  in  the  vertical  direction  If  the  N  atoms  are  the 
ones  that  join  the  pyramldlne  and  tha  purine  to  the  sugars. 


Qommeot.  In  order  for  that*  interaction*  to  be  possible  in 
vivo,  it  would  be  neoassary  for  tha  nuolaotldes  to  be  de¬ 
prived  previously  of  tbe  proteinio  component  that  protects 
them  so  that  there  is  no  screen  between  tbe  two  DMA  or  the 
DBA.  and  the  RKA  that  must  interaot. 


mtra-RMA  frans'-wr.  Cancerous  cells  utilise  uracil  in  a 
preferential  manner.  This  may  b*  due  to  the  fact  that  slnoe 
RHA  la  an  "acceptor”  with  regard  to  OKA  it  obliges  tha  OKA, 
of  which  two  atoms  have  particularly  beoose  positive,  to 
apllt  mare  rapidly  than  normally.  whence  a  more  rapid  for¬ 
mation  of  RKA,  following  an  abnormal,  aooelermted  metabol¬ 
ism. 


On  tha  other  hand,  by  substituting  tha  uraoil  wlta 
auoh  derlvltives  as  5- fluoro -uraoil  (PU)  or  5-fluor-orotlc 
•old  (FO),  it  is  possible  to  Inhibit  the  proliferation  of 
tha  oalls  of  certain  cancerous  tumors  (6.  Deysson  and  R. 
Truhaut,  Bull.  Soo.  Chim.  Biol. .  4A,  1962,  p  6l 3) .  A  study 
of  tbs  electronic  structure  of  A-Fu  has  slresdy  been  made 
(Ooudot,  loc.  oit. ).  It  shows  that  RKA  containing  tha 
halogen  atom  is  a  "donor"  with  regard  to  normal  DBA,  in¬ 
stead  of  being  sn  "aooeptor"  like  normal  RKA.  Therefore, 
It  does  not  cause  cleavage  of  HA. 

5-fluor-orotlo  sold  is  less  active  as  a  carolnostat 
than  5-fluaro-uracil,  but  It  is  interesting,  nevertheless, 
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to  know  whether  it  acts  in  the  same  way,  from  the  electronic 
point  of  view. 

The  oalaulatlon  of  the  energy  levels  of  the  free 
eleotrons  was  Bade  on  an  RHA  containing  adenine-5-fluor— or- 
otlo  sold  (A-FO)  alternating  with  the  guanlne-oytoelne 
planes. 

Adenine-5~yiuor-0rotlc  Acid 

Occupied  levels:  6.1509*  3.8223,  3.6790.  3.6487, 
3.4339,  2.8760,  2.8390,  2.4668,  2.3101,  1.6193,  1.2407. 

Lowest  free  level:  0.9704. 

Quanlne-Crtoilne 

Highest  occupied  level:  1.3209. 

Lowest  free  level:  1.1785. 

There  is  no  conduction  hand  in  the  RHA  formed  hy  PO 
and  QC  alternating.  What  are  the  possible  relationships 
between  RNApo  normal  ENA? 

Adenine-Thymine  in  Noras],  QUA 

Highest  oooupied  level i  1.6295. 

Lowest  free  level:  1.2410. 

The  highest  oooupied  level  (1.2407)  of  the  A-iV  is 
practioslly  the  ease  as  tbs  lowest  *rae  level  (1.2410)  of 
the  AT.  The  normal  DMA  has  become  an  "acceptor11  with  re¬ 
gard  to  the  BHApo  instead  of  being  a  "doner"  as  it  is  with 
respect  to  the  normal  RHA.  In  the  preaenoe  of  HRAws,  then, 
tha  normal  EBA  no  longer  lose  a  the  pair  of  ^leotrofta  that 
•ntalla  lta  luducad  oleavage,  aa  the  normal  RHA  la  able  to 
do.  Therefore,  RHAyn  does  not  cause  altos is  and  its  oaroino- 
atatio  affect  la  probably  due  to  that.  Nevertheless,  it  la 
leas  "donor"  than  FU,  therefore,  without  doubt,  less  aotive 
for  that  reason. 

But  without  penetrating  within  the  nucleus  as  has 
Just  been  assumed,  la  there  an  interaction  between  RKipo 
and  normal  RHA  in  the  cytoplasm? 
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Artwnlna-UricH  In  Normal  RNA 


Highest  occupied  level:  1  .7709. 

Lowest  free  level!  1.2534. 

It  is  seen,  according  to  these  energy  levels,  that 
A-FO  bee  lte  highest  occupied  level  ( l .2407)  above  the 
lowest  free  level  (1.2534)  of  the  adenine-uracil  of  normal 
RBA;  therefore,  FO  is  a  "donor"  with  regard  to  normal  HNA. 
normal  HNA  receive*  the  pair  of  electron*  in  the  1  .2534 
free  level  (of  An),  whioh  then  heoomea  it*  highest  occupied 
level  (HOL).  Ite  lowest  free  level  (LFL),  then,  ia  0.9853 
too  high  in  order  to  receive  a  pair  of  electrons  from  the 
HOL  (1.6285)  Of  AI  or  from  the  HOL  (1.3209)  of  GC.  The 
"  supercharged "  RNA  can  no  longer  "be  an  acceptor  of  a  pair 
of  electrons  from  the  normal  ERA,  therefore ,  it  can  no  long¬ 
er  produce  cleavage  of  this  ENA, 

laict-SEA  2£3BiX*fc*  Certain  bacteriophages ,  each  as  T2, 
that  infect  I.  boll,  do  not  have  RHA  and  have  a  ENA  in  which 
5-methyl oyt o sine  replace*  the  cytosine  (T,  Leplne,  Jrpblemes 
d1  organisation  si  ft*  fOBptlaaa  ai» £1  ItfLjaH&BI ill  il  ASA 
virus  ^Problem*  of  Organ!  sat  ion  and  Function*  in.  Bacteria 
and  virus *§/,  Parle:  Jfcsson,  1956).  Now,  this  DMA  with 
methyloytosln*  (CH)  Imposes  its  etruoture  in  the  metabolism 
of  the  infected  bacterium. 


It  is  not  possible,  in  the  free  state  in  the  nucleus 
for  the  electronic  interaction  between  ^B^bacterla  end 
OULimm  to  be  responsible  for  this  feot,  uuUSbSn  as,  nor- 
mallTT^th*  DMA  is  protected  by  blatant.  How,  in  order  .or 
an  eleotroaoio  transfer  to  ooour  theoretically  between 
DMAphage  end  WlAbaoterium*  11  is  necessary  for  the  two  DMA 
to  be  very  close  to  each  other  and  for  the  pyrine-pyriml- 
dine  plane*  of  on*  to  be  in  the  prolongation  of  or  to  be 
parallel  to  the  plane*  of  tb*  other.  It  is  possible  for 
the  requisite  conditions  to  be  fulfilled.  In  fact,  tb* 


DKAprophaffl  is  incorporated  in  a  determined  place  in  the 
bacterium's  chromosoae  (P,  Hlcolle,  gev.  Pathol.  jggfl.  j& 


Pbrslpl.  Clin..  Ho  692,  1957,  PP  1501-1516).  This  place 
ia  without  doubt  normally  reserved  for  tbs  bacterium'*  CNA. 


contain*  certain  frapaanta  of  DNA  from  tbs  host  baoterlum. 
It  may,  therefore,  be  assumed  that  IXtA^aterium  end  EBAprc.. 

?bag*  must  be  adjacent  to  esoh  other  in  tb*  oBramosoae. 
t  may  also  be  assumed  that  when  tb*  DBAbaaterlua  has  beer 
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fragment* d ,  each  purine-pyrimidine  complex  than,  has  all  lta 
mobile  electrons  resonating  In  a  plana  perpendicular  to  the 
plana  of  the  atoms  located  in  the  purine-pyrimidine  plane. 
Due  to  this  faot,  the  energy  levels  are  normally  occupied. 

We  then  have: 

DM  (bacterium)  DM  (prophrge) 
AT  GC  GMC 

Highest  occupied  level.... 1.2410  1.1785  1.3817 

Lowest  ua*  level . 1.8239  0.9971  1,3026 


It  la  av  Id  ant  that  tha  DNabaoterlum  la  able  to  "give" 
a  pair  of  electron*  to  tha  OfJlrjrcrphaKa  by  means  of  transfer 
from  tbs  HOL  (1.2410)  of  AT  on  to  LFL  (1.3026)  of  fflCC. 


This  transfer  can  cause  the  dissociation  of  the 
I^bActerlum  and  the  pair  of  electrons  "given"  on  a  level 
of  the  Ewlprophage  ®»y  serve  aa  a  ft  bond  between  AT  coming 
from  the  bacterium  and  G-MC  of  the  phage. 


Discussion.  Tha  purine-pyrimidine  AT  and  3C  planes  alter¬ 
nate^ in  the  UNA  of  tha  baotarlum,  according  to  a  saquenoa 
auoh  as  /TA  +  T)/(Q  ♦  C U  *1.  A  similar  saquenoa  swat  Od¬ 
our!  /(A  +  T)/(&  ♦  MTl/  m  1  in  order  for  the  USA  of  the 
prophage  (after  dissociation  of  the  phage)  to  be  able  to  be 
incorporated  in  the  aaae  "plane"  In  the  chrome  same  as  the 
EGA  of  the  bacterium.  Nov,  according  to  the  reeults  obtain¬ 
ed  by  calculation,  it  seems  that  AT  coming  from  the  DSA  of 
the  bacterium  oust  be  joined  to  the  G-KC  of  the  ISA  of  the 
prophage.  Since  the  DMA  of  the  prophage  contained  aa  aany 
AT  planes  as  GMO  planes,  tha  DMA  of  the  phage  that  la  formed 
with  tha  aid  of  the  EHA  of  the  prophage  and  of  the  AT  ooolng 
from  the  ERA  of  the  bacterium  should  yield  a  sequence  in 
which  two  pyrlno-pyrlmldine  planes  of  the  prophage  enter  for 
one  of  the  DNA  of  the  hoat  baotarlum.  Than,  the  saquenoa 


of  tha  1st 


/(A  +  T)/(G  +  HCJ7  .  2. 


The  sequence  in  the  DMprop^g*  is  unknown  experi¬ 
mentally.  Bat  the  sequence  that  we*  found  for  the  PtUphage 
agrees  with  the  numbers  given  for  the  EGA  that  were  synthe¬ 
sised  ensymatloelly  (A.  Iornberg,  Bay.  Mod.  Phre..  31 .  1959, 
p  207). 


Xvldently  this  slaotranlo  transfer  within  tha  ehroao- 
aoaa  of  the  Infested  host  oan&ot  oomplataly  explain  tha  for¬ 
mation  of  tha  phage,  beoauae  tha  synthesis  of  tha  protelnlo 
■fritter"  In  which  tbs  DNA  of  the  phage  takes  refugs  occurs 
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simultaneously.  But  a  theoretic  study  explains  the  fact 
that  there  is  no  multiplication  of  the  phage  through  divi¬ 
sion  of  the  DNAphage .  hut  rather  synthesis  of  the  OKA  phage 
on  the  basis  cr  the  components  of  the  prophage  and  of  part 
of  the  components  of  the  Mi  of  the  inf eo ted  baoterlum. 

A  theoretic  study  also  allows  us  to  understand  why, 
in  the  ahstnoe  of  one  of  the  DNA  or  RNA  nucleic  adds,  a 
living  organism  cannot  reproduce.  In  order  to  multiply,  it 
has  to  infect  a  host  that  provides  it  either  (a)  with  the 
nucleic  acid  that  it  does  not  have,  or  (b)  with  the  same 
nucleic  aoid  modified  on  one  of  its  peaks,  therefore  with  a 
different  electronic)  structure,  so  that  one  may  he  a  "donor" 
and  the  other  an  "acceptor". 

It  Beems  that  to  initiate  every  cellular  multiplica¬ 
tion  there  Is  an  lntra-nuolsio  aoid  eleotronio  transfer. 


-  ran  - 


-  6  - 


